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Introduction 
The New Forest, in the south of England (Fig. 1), is a unique area of Britain. 
It contains a collection of habitats now rare in lowland Europe. It is also under 
severe pressure from development and recreational activities which threaten 
the continued existence of the habitats despite apparent protection from new 
European legislation. 
The lowland acidic and circumneutral soils of the New Forest are drained 
by a number of small self-contained stream and river systems, all of which 
have their sources within the Forest boundary and drain to the sea or to chalk 
rivers on the Forest borders (Plate 1 A, p. 4). 
Because of its unique social and ecological history, the Forest has been the 
subject of many biological studies mainly concerned with the terrestrial flora 
and fauna, particularly the populations of birds and large mammals. To date, 
relatively few studies of the plant and animal communities of the streams have 
been published. In 1992, a series of long-term studies of the invertebrate 
communities was begun with the aim of providing data to aid the future 
management and conservation of the stream system. As part of the 
background to the work, this article describes the streams of this unique area 
of Britain and reviews the published and some unpublished chemical, physical 
and biological information that is currently available. 
Description and history of the area 
The New Forest was established as a hunting forest sometime between 1066 
and 1086 by William I. Since that time, the ecological and sociological 
evolution of the Forest has resulted in the creation of a unique collection of 
habitats, making it one of the most important conservation areas in Northern 
Europe. It was given a Grade 1 listing in the Nature Conservancy Council's 
Nature Conservation Review (Ratcliffe 1977), and has recently been declared 
a site of international importance within the terms of the RAMSAR 
Convention (Anon 1976). Much of the Forest is also a Site of Special 
Scientific Interest (SSSI) and is to be protected by the European "Habitats" 
Directive, ratified in 1995. 
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The New Forest includes "the largest area of unenclosed wild or 'unsown' 
vegetation in lowland Britain", together with large tracts of lowland heath 
(Plate IB, p. 4), valley mire and ancient pasture woodland, all three of which 
were once common in Northern Europe but are now "fragmented and rare" 
(Tubbs 1986). It has a rich and diverse flora and fauna. For example, 46 rare 
species of plants occur within its boundary of which eight are listed in the 
British Red Data Book (Perring & Farrell 1983). Some 55% of the 2251 
species of British Lepidoptera and almost 48% of the 1539 species of British 
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Coleoptera have been recorded in the Forest, and 27 of the 38 species of 
British Odonata breed in New Forest waters (Cowley 1950-51; Welstead & 
Welstead 1984; Tubbs 1986). 
The boundary of the New Forest encloses some 37,900 hectares, though the 
proposed New Forest Heritage Area would include a total of 54,400 ha which 
may eventually increase to 57,300 ha (Land Use Consultants 1991; Anon 
1992b; New Forest committee 1994). Because of the unique nature of its 
habitats and ecosystem, the Forest has been the subject of historical, 
sociological, ecological and other scientific studies over many years (Flower 
1977) and much of the information has been summarized and reviewed in two 
excellent books (Tubbs 1968, 1986). 
Historical information on the streams 
The main river systems of the New Forest are shown in Fig. 1, though this does 
not include the finer network of trickles and small drainage channels in the 
woodlands and across the open "lawns" (see Plate 2B, p. 5). 
Historically, general descriptions of Forest streams occur in the writings of 
naturalists and in various travellers books (e.g. Cornish 1895; Begbie 1934; 
Everard 1957). For example, the channel and catchment of Latchmoor Brook, 
on the western slope of the Forest, were described as "deep grottos, fox holes 
(so large that they look more like dens for wolves) and bogs which heave" (de 
Bairacli-Levy 1958). The stream and spring waters are also reputed to have 
medicinal advantages and Shore (1890) describes the sources of some Forest 
streams and the curative properties of the iron-rich chalybeate springs in their 
catchments. Such a spring, at Fritham in the northern part of the Forest, was at 
one time known as Iron Well or Lepers Well and was noted for the treatment 
of leprosy in the Middle ages. Brierly (1886) analysed the water from this 
well and noted that there "was a copious deposit of a reddish brown colour at 
the bottom of the bottles" but the water was "of a pale green colour and free 
from odour". He also found no dissolved iron in the water but high 
concentrations in the deposits. Similar deposits are still found on the stream 
bed at the outflow of the spring as a result of the rapid oxidation of dissolved 
iron in the water. In the 19th century the waters of the same spring were still 
used for medicinal purposes, but at that time to treat mange in dogs. Near 
Lymington, in the southern part of the Forest, the similar ferruginous springs 
which feed Passford Brook were noted for the treatment of ophthalmic 
disorders. 
The Forest streams do not appear to have a history of consistent organic 
pollution, though there are records in the local newspapers of intermittent 
problems caused by farm effluents and one or other of the small number of 
sewage works (e.g. New Milton Advertiser & Lymington Times 1995). 
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Perhaps the worst and most persistent inorganic effluent problems recorded 
from the stream system originated with the Schultze Gunpowder factory at 
Fritham on the upper reaches of Latchmoor Brook. This factory was reputed 
to cause serious contamination and fish mortalities in the latter half of the 19th 
century (Pasmore 1993). The problems stemmed from frequent leakages of 
nitric and sulphuric acids used in the manufacture of explosives. The 
gunpowder works also used a great deal of water which was obtained from a 
reservoir formed by damming the brook and augmented by water obtained by 
tapping nearby springs. The effluent problems ceased with the closure of the 
factory over 50 years ago. 
Begbie (1934) described the effects of pollution in the Latchmoor Brook 
and found it containing "ale coloured water with little trout where once the 
proud salmon used to spawn". "The powder mills . . . so tainted the water that 
cattle refused to drink it and the fish, holding their noses, fled, in the case of 
the salmon never to return". 
At the end of the 19th century the streams were not highly regarded as 
fisheries, and de Crespigny & Hutchinson (1899) concluded that "practically 
speaking there is no fishing in the Forest" and "the fishing in the Forest . . . 
may be said to be nil". At the same time they noted the large trout (probably 
sea-trout Salmo trutta) spawning in the Avon Water but did not comment on 
their availability to anglers. These authors did, however, note that bankside 
trees and timber debris were a hindrance to fly-fishers, and the role of timber 
in streams is still debated by anglers and conservationists (Lappin 1991; 
Gregory & Davis 1992). Humby (1961) also describes the clearance of woody 
debris from the Lymington River as part of the management of the river, and 
as a means of increasing the area of spawning gravels and easing the passage 
of upstream-migrating sea-trout. 
In fact several contentious issues related to the management of streams and 
drainage in the New Forest have a long history, particularly with regard to the 
ecological role and effects of large timber debris, and the effects of land-
drainage works, and these issues have not been fully resolved (Gregory et al. 
1985; Tubbs 1986; Lappin 1991; Gregory & Davis 1992). Although there are 
data from other regions of the world (Gregory, Gurnell & Petts 1994), as yet 
no specific studies of the biological effects of timber and its removal have 
been carried out in New Forest streams. 
Published information on the plant and animal communities of the streams 
comes mainly from comparative studies of single streams or from localised 
studies of particular groups of organisms, and these are described later in this 
article. There are also records of stream-living insects, in the Proceedings of 
the Hampshire Field Club, reaching back to the 19th century, though most of 
these refer to adults caught at various distances from the actual stream 
channels (Hampshire Field Club 1890 et seq.). 
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Topography, geology and climate 
Tubbs (1986) describes the New Forest, when seen from the air, as "a series of 
eroded flat terraces, highest in the north, lowest in the south. The middle 
terraces are scoured into wide hollows drained by two south-flowing stream 
systems which empty into the Solent". He describes the rocks beneath the New 
Forest as mostly sedimentary clays, which were once capped by gravel or 
brickearth which has subsequently been eroded to reveal the underlying strata. 
There is a wide variation in the texture and chemistry of the soils, which is 
reflected in the variation in vegetation across the Forest (Tubbs 1986). The 
characteristic rocks and soils are listed in Table 1 together with chemical data 
from streams which drain soils on them. In general, the soils become richer and 
more productive toward the fringes of the forest, and these fringes merge into 
the more improved pasture and agricultural lands of the chalk-stream valleys to 
the east and west and the Solent to the south. Some areas of these fringes are 
urbanized to varying extents and the lower reaches of the streams receive road 
and urban surface drainage. 
The climate of the New Forest is moderately warm and wet for Britain, with 
temperatures and rainfall towards the middle of the range for the country as a 
whole. The mean annual temperature range over the region varies between 9°C 
inland to 10.5°C in the coastal belt, compared with 7°C in the Shetlands and 
11°C in the extreme south-west (Anon 1990). The relative humidity averages 
about 85% and exceeds 95% for 25% of the year. Average annual sunshine is 
about 1500 hours, compared with 1100 hours in Scotland and 1928 hours in the 
south-west of England. Average rainfall for the region is 806 mm (1957 to 
1981) with a range of 509 mm in the driest year to 993 mm in the wettest year. 
All of the New Forest lies within the 800-mm isohyet. Over the period from 
1957 to 1981, snow lay in the region for an average of 5 days each year, 
though there were differences of 1 or 2 days between the higher parts of the 
Forest and the warmer areas nearer the coast. 
Geomorphology and hydrology 
The main watershed in the New Forest runs approximately in the direction of 
north to south, and the highest point is at 128 m (OD) on the north-western 
escarpment. Six streams flow westward from this watershed to the River Avon 
(Fig. 1). They are mostly short, run approximately parallel to each other, and 
have few tributaries. In contrast the river systems which run eastward to the 
Test and south to the Solent have many small tributaries and tend to be longer. 
The more developed and urbanized lands of the southern and eastern fringes of 
the Forest are drained by a small number of short streams which mostly run 
directly to the Solent (part of the English Channel, see Fig. 1). The main 
categories of land bordering stream-reaches are: open heath, deciduous 
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woodland, conifer plantation, forest lawn (see Plate 2B, p. 5), and improved 
agricultural land. 
None of the rivers are more than 30 km long. The highest source of any 
stream is at around 90 m (OD), though most rise at 50 m (OD) or less. The 
maximum overall gradient is ca. 1.0% in the short streams of the western 
catchment while the longer streams and those of the southern fringes have 
overall gradients of less than 0.6%. Many reaches of all the streams have been 
artificially straightened, channelized and regraded since the 1840s (Plate 2A, p. 
5), mainly for improving drainage of forest lawns or woodlands or for 
protecting forest roads. Small ditches, most of which have been dug in the last 
100 years, drain the Forest lawns and plantations. 
Stream channels are mostly less than 5 m wide. Freshwater reaches that are 
more than 7 m wide and 1 m deep at dry-weather flows are relatively short, and 
are mainly limited to the lowest reaches of the Lymington and Beaulieu rivers. 
Typically, maximum current velocities during dry-weather flows are less 
than 0.5 metres per second. For example, in a 1992 survey by the author, 62% 
of the 87 reaches where current velocities were measured in mid-stream 
showed values of between 0.11 and 0.5 m per second and 18% showed values 
over 0.5 m per second. The highest current velocity recorded so far by the 
author during dry-weather flows was 0.76 m per second in a channelized reach 
of a small tributary of the Lymington River. 
A typical stream-reach comprises riffles, usually less than 30 m long and 5 to 
10 cm deep, interspersed with deeper pools and undercut banks where the 
water may exceed 1 m in depth and where leaves and twig debris 
accummulate. The sequence of riffles and pools is very similar to that found in 
other streams, with riffles occurring at intervals of about 5 to 7 channel widths 
(Gregory, Gurnell, Hill & Tooth 1994). Tree roots and overhanging grasses 
trail in the water at the margins and both marginal and in-stream aquatic 
vegetation occurs where the tree canopy is sparse or absent. 
The streams are generally of low volume, though they rise and flood very 
rapidly after heavy rainfall and can be described as "flashy" (Gurnell et al. 
1985; Gurnell & Gregory 1987). Fig. 2 shows the effects of rainfall on the 
discharge of a stream on two separate occasions. Peak flows occurred very 
soon after the rain began and the stream level subsequently fell rapidly over a 
few hours. On a seasonal basis, the streams with mires and bogs in their 
catchments tend to have more consistent summer discharges than those without 
these features (Tubbs 1986). In summer some of the streams, particularly those 
flowing westward, are reduced to pools separated by dry gravel reaches, and in 
1994 and 1995 the upper reaches of several streams were completely dry for up 
to three months, after about six weeks without rain, and records show that this 
has occurred before in dry weather (Shore 1890). 
The effects of human influence on the hydrology of the streams has not been 
studied in great detail, though Gregory (1992) noted an increase in the peak 
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discharge of the Highland Water near the head of the catchment, which he 
associated with increased road drainage following road improvements in 1980. 
The substrata of Forest streams consist mainly of sand or clay, covered with 
small gravel or pebbles. Substrata with gravel and pebbles ranging from 10 to 
65 mm in diameter are moderately frequent but cobbles up to about 12 cm in 
diameter occur rarely and are only found consistently in the reaches of streams 
on the gravels. The phi-scale range is typically from 3 to -6. The substrata are 
mobile for the most part though in some reaches sediments are stabilized by 
weedbeds or compaction. There is no exposed bare bedrock and no large rocks 
or boulders in any of the streams. Where the channels have been deepened or 
straightened the substrata are mainly loose, coarse sands. 
The streams remove and carry considerable quantities of sediments during 
spates. Tubbs (1986) quotes data (Tuckfield 1964, 1973, 1976, 1980) showing 
an annual removal of 0.64 to 0.75 cubic metres of gravel and smaller sediments 
in very tiny streams. Human influences, either from drainage work or through 
the wear from the movement of people or cattle, increase the rates of erosion, 
and even very small drains can erode 0.1 to 0.3 m3 per metre of stream per 
year. In extreme cases this can reach 0.5 m3 per metre and year. For example, 
in one gulley created by such wear, 1084 m3 of gravel was eroded away over 
10 years at an annual rate of 98.5 m3 per year, and in a second gulley, 280 m3 
of material was eroded away in 2 years. 
Channelization also leads to changes in both sedimentation and the growth of 
aquatic plants. Thus, Brookes (1983) showed that channelization of the Ober 
Water caused increased sedimentation and the growth of Elodea sp. over a 
175-m stretch downstream of the channelized reach. Elodea is also common in 
similarly altered reaches in other stream systems in the Forest. 
Timber debris dams in streams 
Timber debris accummulates in many reaches of New Forest rivers, forming as 
debris dams of various sizes and configurations (Gurnell & Gregory 1984; 
Gregory & Davis 1992). These dams (see the front-cover illustration), usually 
composed of tree trunks and large branches, augmented by smaller branches, 
can have significant effects on the channel processes, including sedimentation, 
the travel times of flood peaks, and channel migration (Gurnell & Gregory 
1984; Gregory et al. 1985; Gregory, Gurney, Hill & Tooth 1994). Impound-
ment of water by such dams is also reputed to have adverse effects on the 
drainage of Forest lawns and plantations, and hence on the grazing of livestock 
and survival of trees. Furthermore, anglers believe that the migration of sea-
trout to their spawning reaches is impeded by the dams (Anon 1992a). There 
are no scientific data to support or refute these suggestions. 
Gregory et al. (1985) showed that timber debris dams, with a density 
averaging 1 per 27 m of channel in the Highland Water, extended the travel 
times of flood peaks and affected the channel processes in the vicinity of the 
dams. Over a distance of 4028 metres, the presence of some 93 dams causing 
varying degrees of impedence, delayed the progress of smaller flood peaks by 
some 100 minutes and the larger flood peaks by about 10 minutes when 
compared with unimpeded travel. 
A detailed survey of the Lymington River basin (Gregory et al. 1993), 
covering 110.4 km2, found a total of 754 debris dams which generally 
decreased in frequency of occurrence with distance downstream from the 
sources of feeder streams, though the peak occurrences were in reaches 
between 3 and 10 km downstream (Fig. 3). Gross and net loading of timber in 
the streams followed a similar pattern. The number and total loading of timber 
in dams also varied with land use in the catchments, with deciduous forest 
being the greatest contributor. The net loadings measured, which included only 
timber actually in the stream and impeding flow, ranged from 0.03 to 2.49 kg 
per m2. The authors estimated that the net timber loadings were only 7% of 
those which could occur if the streams were not managed and the timber was 
not cleared. 
Sedimentation and suspended solids in streams 
Suspended sediment concentrations during dry-weather flows are typically 
between 5 and 25 mg per litre, rising to over 200 mg per litre during spates. 
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Fig. 4 shows the relationships between suspended sediment concentrations 
and stream discharge for two sites on the Highland Water in the 24 hours 
following heavy rainfall in October 1984 (Futter 1985). (Fig. 2 shows the 
temporal course of the same event.) The maximum concentrations (335 and 
394 mg per litre) were considered as unusual because the rainfall occurred 
after a long dry spell. 
A major rainstorm in the following month produced peaks of 214 and 228 
mg of suspended sediments per litre of water, which were regarded as more 
characteristic of New Forest streams under conditions of high discharge. The 
suspended solids load peaked at 13.65 kg per hectare per hour. The removal of 
timber debris increased the current velocity (Fig. 5) and the movement of 
sediment along a stream channel. The amount of sediment stored and the 
duration of storage decreased (Gregory 1992). At the same time localized bank 
erosion increased and the sequence of pools and riffles became less clearly 
defined. 
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Pollen and spores from plants form a significant part of the suspended solids 
in New Forest streams, ranging in one study from 230 grains per ml at flood 
discharges to less than 1 grain per ml during baseflows (Brown 1985). The 
variations in the concentrations and species composition of pollen and spores 
can be used to trace the sources of suspended sediments in catchments and 
assess the hydrological contributions from different geological features and 
types of vegetation cover. In pollen hydrographs recorded for September 1981, 
the contribution from tree species at peak discharge rates was clearly much 
greater than that from other vegetation. At lower flows the proportions were 
more or less equal. 
Chemical composition of streams 
The stream waters of the New Forest are typically base-poor, with low nutrient 
concentrations. The acidity of the waters of the uppermost reaches of some 
streams was first reported in the last century (Brierly 1890). He noted "the very 
great corrosive nature of the water in the New Forest upon metals" and after 
tests with various metals concluded that the acidity was "due to the presence of 
a free acid, crenic acid" in the water. He also noted the presence of humic acids 
in a number of stream water samples. Subsequent studies have shown that the 
chemistry of the stream water in the various catchments differs, as might be 
expected, with the underlying rocks and soils and the varying land-uses across 
the Forest (Tables 1 and 2). Le Rossignol (1977) recorded specific conductance 
values (electrolytic conductivity) ranging typically from 74 to 447 
microsiemens per cm (μS per cm at 25 °C) in unpolluted Forest waters in the 
Lymington River catchment, though values of up to 1170 μS per cm were 
recorded where a small discharge from houses and farmland entered a stream. 
Conductivities measured at 66 sites in various catchments by the author in June 
1992 showed that 79% ranged between 101 and 200 μS per cm; 6% were 
below and 15% were above these values. The higher conductivities all 
occurred in reaches passing through the more improved and developed land on 
the fringes of the Forest, and values exceeding 400μS per cm were found in at 
least one of these reaches. 
Fig. 6 shows the frequency occurrences of the conductivity of water draining 
the different rock types. There was some overlap but water draining the Barton 
Sands is typically in the lower ranges while that from the Headon Beds is 
generally richer in ionic content. The variation in both types is a result of the 
range of surface land uses, though much of the improved land is on the areas of 
the Headon Beds. In general, water draining deciduous woodland had higher 
specific conductances than that from heathland (Le Rossignol 1977). There 
was also a significant relationship (r2 = 0.98) between the specific conductance 
(SC, μS per cm at 25°C) and concentrations of total dissolved solids (TDS, mg 
per litre), expressed by the equation: SC = 0.94 (TDS - 5.16). 
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Table 2. Ranges of selected determinands in water from streams flowing through different types of 
marginal land use in the New Forest. 
Table 2 shows data summarized from chemical analyses of stream waters at 
15 sites on the Forest, taken during a study of the diatom flora (McCollin 
1993). In general the stream waters on the Forest were poor in phosphates but, 
as might be expected, the urbanized and settled sites showed the highest 
concentrations. Samples from the wooded reaches showed the higher 
aluminium levels, with the highest occurring in a dense conifer plantation, 
though these data are from single samples at each site. 
The annual variations in some chemical characteristics of two New Forest 
streams are given by Marker & Gunn (1977). They found that pH values varied 
between 6 and 7, and alkalinities were ca. 0.2 milli-equivalents per litre. 
Phosphate concentrations peaked at about 150 μg per litre, with typical values 
of about 50 μg per litre in dry weather. Temperatures exceeded 21°C in both 
streams though both of the sites studied were unshaded. In the more shaded 
reaches, maximum temperatures can be 2 to 3°C lower. 
Typical pH values for the Forest streams are 5.9 to 7.3, though surveys have 
shown values as low as pH 4.2 in small streams (Winsland 1985) and as high 
as pH 8.1 in the lower reaches of the larger rivers (National Rivers Authority, 
public register data). 
Forest streams are generally unpolluted by major point sources. Sewage 
works at Brockenhurst and Lyndhurst discharge into streams but neither 
consistently cause major adverse effects on river chemistry, though intermittent 
events occur which can cause fish mortalities. Higher levels of some nutrients 
have also been recorded downstream of such works. For example, in the 
Lymington River the concentrations of phosphate downstream of Brockenhurst 
sewage disposal works exceeded 1.0 mg P per litre on four sampling occasions 
in ten years, with a maximum of 2.2 mg P per litre (National Rivers Authority, 
public register data). 
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Micro-organisms and algae in streams 
The primary productivity and standing crops of algae in New Forest streams 
are predictably low when compared with other streams carrying higher 
concentrations of minerals and nutrients, such as chalk streams. For example 
the biomass of benthic algae in two New Forest streams was much lower than 
in the Bere Stream, a hardwater Dorset stream (Marker 1976). Levels of 
chlorophyll-a were much higher during the summer and varied much more in 
the hardwater stream than in the Forest stream. There was also a marked April 
peak in the hardwater stream which was not apparent in the Forest streams 
(Fig. 7). The seasonal variation and abundance of chlorophyll-a in the 
suspended matter showed similar comparative patterns between the hardwater 
and softwater streams, as was found for the benthic algae (Marker & Gunn 
1977). In this study, however, the seasonal variations in the two Forest streams 
differed from each other. In Dockens Water, draining the western edge of the 
Forest, there was no spring peak, while in the Ober Water, draining towards the 
south, there was a peak in April, though this was much lower than the April 
peaks in the hardwater streams. 
In a more recent study, monthly chlorophyll-a concentrations for epilithic 
algae varied from 2.2 to 44 mg per m2 of stream bed in the Ober Water, 
representing an annual mean biomass of 1.0 g per m2 (Shamsudin & Sleigh 
1994). In contrast, the values for the River Itchen, a nearby chalk stream, were 
115 to 415 mg per m2, representing a mean annual biomass of about 8 g per 
m2. These authors estimated that the annual production of epilithic algae in the 
River Itchen was about eight times that of the Ober Water, being respectively 
ca. 600 and 75 g organic dry weight per m2. 
Diatoms dominated the epilithic flora in both streams, comprising 70 to 95% 
of the total numbers of algal cells. Numbers peaked in April and May. 
Chlorophyte cell numbers peaked in summer and the cyanophytes peaked in 
autumn. Densities ranged from 8 to 320 cells per mm2 in the Ober Water and 
500 to 7000 cells per mm2 in the Itchen. 
From 15 sampling sites for diatoms (Bacillariophyceae) in New Forest 
streams, McCollin (1993) recorded 30 species of epilithic diatoms (living on 
stones) and epiphytic diatoms (living on plants). There was no clear 
relationship between the occurrences of particular species and marginal land 
uses, except that Fragilaria cf. pinnata was more common in streams flowing 
through wooded areas than in streams flowing through open areas. F. pinnata 
was the most common and abundant of all the species recorded at the 15 sites, 
particularly at those with low phosphate concentrations and low light levels. It 
was uncommon or absent at sites enriched by agricultural drainage or "urban" 
development. At the highest phosphate levels, Cocconeis placentula and 
Acnanthes minutissima were the dominant species. 
Densities of epipelic (living on mud), epilithic and planktonic algae were not 
correlated with temperature, phosphate, nitrate or silicate concentrations over a 
yearly cycle in the Highland Water (Moore 1977a). Water velocity appeared to 
be a major influence on the growth rate of the predominant epilithic species, 
Achnanthes saxonica, though shade affected both standing crop and density. 
Where the current velocity averaged 40 to 50 cm per second, A. saxonica 
accounted for 95% of the standing crop throughout the year. At 30 to 40 cm 
per second it dominated only in the winter and in summer was replaced by 
aggregations of other species. Decaying timber was the dominant substratum 
for epiphytic species in the Highland Water and here again A. saxonica was 
dominant, though the community found on wood also included species of algae 
that are normally epilithic or epipsammic (living on wet/damp sand at the 
water's edge). Clearly there was not a separate, distinct community on the 
woody debris. Only Suirella ovata var minuta appeared to be much more 
common on dead wood than in all other niches. In common with most small 
streams, the "planktonic" cells were derived from the sediment communities, 
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and densities of the two communities generally varied in parallel. 
There are no published studies of filamentous algae in New Forest streams, 
though Marker (1976) noted growths of the red alga Batrachospermum sp. 
from August to November in Dockens Water, and this has since been found by 
the author in most of the Forest streams. 
Studies of ciliate protozoa in the Ober Water showed that the densities of 
organisms were also significantly lower than in a nearby chalk stream (Baldock 
& Sleigh 1988). As might be predicted, the Ober Water showed lower 
microbial activity, estimated by alkaline phosphatase assay. Peak abundance of 
ciliates in both the chalk stream and the Ober Water coincided with diatom 
blooms. Flagellates were more abundant than ciliates in the Ober Water, in 
contrast to the chalk stream, and photosynthetic flagellates, dominated by the 
genus Synura, reached densities of 148,000 per cm3 in this softwater stream. In 
a later study (Harmsworth et al. 1992) the densities of peritrich ciliates on 
stones in a small New Forest stream were, perhaps less predictably, higher for 
most of the year than in a nearby chalk stream, and the population size was 
negatively correlated with discharge. Carchesium spp., Vorticella spp. and 
Platycola spp. were the dominant genera in both types of stream. 
Macrophytes (higher plants) in streams 
The macrophyte communities of "sandy New Forest streams" have been 
classified in a separate category from those of streams elsewhere because they 
have a unique assemblage of species (Haslam & Worsley 1981; Holmes 1983). 
Common species of macrophytes in New Forest streams, identified in surveys 
since 1992, are listed in Table 3, where the species considered to be typical are 
indicated. Elodea canadensis occurs mainly in streams which have been 
deepened or channelized as described earlier (Brookes 1983), and in some of 
these reaches, most notably in the upper Ober Water, E. canadensis lines the 
margins for distances of more than 100 metres and can practically block the 
channel in some places. Ranunculus aquatilis occurs mainly in deeper and 
slower reaches, and Callitriche stagnalis mainly occurs in reaches with 
relatively stable substrata, generally consisting of small, accreted gravel or 
stones in a firm sand matrix. 
Shaped like spear-heads, the leaves of Potomageton polygonifolius are found 
in streams and in standing water but the species is most common in the upper 
reaches of streams with lower electrolytic conductivities and pH values. It 
occurs in fast-flowing water where the leaves tend to be partly or wholly 
submerged as they stream in the current, and also in slow reaches or 
backwaters, where the leaves float on the surface. In the many reaches shaded 
by woodland or with unstable gravel substrata, stands of macrophytes are rare 
or non-existent, though P. polygonifolius is unusual in that it occurs in very 
small streams with dappled to dense shade. Most of the common macrophytes 
in the streams maintain stands throughout the year. 
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The macroinvertebrate fauna of the streams 
The earliest detailed records of macroinvertebrates with stream-living stages in 
their life histories are from the observations of natural historians, beginning 
around the end of the 19th century (e.g. Hampshire Field Club 1890 et seq.; 
Jones 1930; Lucas 1932; Haines 1933). Lucas (1932) noticed the relative 
scarcity of Ephemeroptera, and commented that "Judging by the water supply 
in the county, the Ephemeroptera (Mayflies) should be common, but in the 
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New Forest, they are not very noticeable". By 1940, over 20 species of 
Trichoptera and 10 species of Plecoptera had been recorded as adults, but only 
4 species of Ephemeroptera were noted. Some species of Trichoptera were also 
very abundant at times and Haines (1940) noted "the usual autumnal 
abundance of Stenophylax stellatus and Halesus radiatus" around Dockens 
Water. 
Also among the early records were Coleoptera and some Diptera, notably the 
Tabanidae of which the most frequently recorded stream species was Pedicia 
rivosa. T. T. Macan and A. H. Moon both collected species of insects from 
New Forest streams in the late 1930s, and their records are noted in the 
Hampshire Field Club Proceedings (Haines 1940). Haines also quotes data on 
the density and diversity of the insect fauna of the streams, noting that 68 
insects in 10 species were found, on average, "per square foot" of the bed of 
the Latchmoor Brook. The comparable numbers for the nearby River Avon, a 
chalk stream, were 384 insects in 15 species. 
Research on the fauna of the streams, as distinct from merely recording the 
presence of species, appears to have begun in the late 1940s, based in the 
University of Southampton. In one of the earliest studies, Hall (1951) 
compared the species of Chironomidae in a chalk stream and three more acidic 
streams in the New Forest. Of the 23 species recorded there were 18 in the 
chalk stream, 13 in the acid streams and 7 species were common to both. Later, 
Hall and his colleagues transferred attention to other invertebrate groups, 
including the rarer species of the standing waters (Hall 1953, 1954, 1959a, b, c, 
1961, 1977; Khalaf 1973; Khalaf & Hall 1975). 
Studies on the food of fish in two streams included records of invertebrates 
from the stomachs of fish (Mann & Orr 1969; Mann 1971). Even more 
recently, lists of species have been compiled for several sites as part of a 
national study of river habitats by the NERC's Institute of Freshwater Ecology, 
in order to develop the RIVPACS programme (e.g. Furse et al. 1986; Wright et 
al. 1994). The provisional list from New Forest streams includes some 262 
species. Table 4 shows the number of species in each major group recorded so 
far from some 70 sites, in relation to the total number of species in each major 
group known from mainland Britain. The relative numbers of representatives 
in these groups (expressed as percentages of total numbers in each group) 
reflects both the actual occurrence of species for well known groups such as 
Plecoptera and Ephemeroptera, and the relative lack of expertise and 
collections for the lesser known groups such as Hydracarina. 
Life-history studies of invertebrates in New Forest streams are rare, though 
in a series of observations on animals in the superficial gravel-beds of one 
stream, the Ober Water, the biology and life histories of several species were 
described. Gledhill (1969) found that the phreaticolous watermite Neocarus 
hibernicus breeds in early spring in the interstitial gravel water. The maximum 
densities of the species were just over 1 individual per litre of water sampled in 
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July and August. Very few were found in the winter months, probably because 
floods washed out specimens from the gravel. 
In the same gravel-bed, the subterranean amphipod Niphargus aquilex 
aquilex had two breeding seasons in a year; the earlier one occurred in May, 
originating from overwintering adults, and the later one was in October, 
originating from a fast-growing and maturing summer generation (Gledhill & 
Ladle 1969). The breeding males of this second generation were significantly 
larger than the overwintering males. The densities of N. aquilex ranged from 
2 per litre of water sampled in March to about 8 per litre in October. In later 
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surveys of the streams, N. aquilex has been recorded from kick-samples taken 
in the free-flowing reaches by the author and by others, though occurrences are 
rare and numbers are usually very small. 
In a study of the feeding biology of benthic herbivores, Moore (1977b) 
collected individuals of mayfly larvae (Ephemera danica and Ecdyonurus sp.) 
and the amphipod Gammarus pulex from the Highland Water. The amounts of 
food varied very little throughout the day for all three species and there was no 
obvious diel pattern of feeding. Although Moore did not list the species of 
algae taken by these animals, from his studies on the succession and abundance 
of algae (Moore 1977a) the assumption can be made that each of the 
invertebrates ingested the most common and abundant algae found in their 
specific niches. Thus Ephemera danica, living in sand and coarse silt, fed on 
the commonest epipelic species such as Achnanthes minutissima, A. saxonica 
and Cymbella naviculiformis, whilst Ecdyonurus sp., living on the stones, 
grazed on Achnanthes saxonica, A. minutissima and Gomphonema 
acuminatum. 
Early observations of the invertebrates inhabiting the coarse woody debris in 
streams (Langford, unpublished data) indicate that the community can differ 
markedly from that of nearby riffles. In preliminary winter collections, one 
wood-pile community was dominated by mayflies (Leptophlebiidae), stoneflies 
(Nemoura spp.) and the cased larvae of the caddisfly Halesus radiatus. In 
comparison the fauna of the riffle some 30 metres upstream was dominated by 
dorso-ventrally "flattened" mayflies (Ecdyonuridae) and blackfly larvae 
(Simulium spp.). In the nearby stream margin the most abundant 
macroinvertebrate was the cased caddis larva Anabolia nervosa. Seven taxa 
were common to all three habitats from a total of thirty-four recorded taxa. 
Some stoneflies (Leuctridae) were more or less equally abundant in all three 
niches. Other preliminary studies also showed that the removal of a debris dam 
created a pulse of invertebrate drift downstream. An increase in the abundance 
of drifting invertebrates was measured in the first few minutes immediately 
after removal of the debris, using a linear series of six small nets set at 10-
metre intervals downstream of the dam site. Fig. 8 shows the numbers of 
invertebrates caught in the nets after removal of the dam, in relation to normal 
background drift. The effect of the sequential removal of drifting organisms by 
the nets has not been quantified (Evans 1995), but the effects of the debris 
dams on drift and community structure are the subject of further studies. 
The Odonata are perhaps the most consistently observed aquatic insects in 
the New Forest (Welstead & Welstead 1984) and the status of the scarcer 
species has been reviewed recently (Winsland 1994). One of the most obvious 
common species associated with the streams is the damselfly Calopteryx virgo, 
which is more or less ubiquitous. For example, during stream surveys in June 
1992, adults were observed at 45 of 50 sites sampled by the author. The larvae 
occur in the stream margins throughout the Forest. The species most studied is 
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Rutilus rutilus, rudd Scardinius erythrophthalmus, dace Leuciscus leuciscus, 
chub Leuciscus cephalus, pike Esox lucius and perch Perca fluviatilis, were 
recorded mostly from the lower reaches of the rivers. Flounder Platichthys 
flesus was recorded from the lower reaches of the Beaulieu River. There is also 
likely to be some exchange of fish between the neighbouring chalk streams and 
their more acidic feeders draining the Forest, but there are no data on the extent 
of fish migrations. 
During recent invertebrate surveys carried out by the author at over 50 sites, 
the fish occurring most frequently in hand-net collections were minnows and 
bullheads. The former occurred throughout most river systems, from the 
smallest headwater to the widest and deepest channels in the downstream 
reaches. Large shoals of juvenile minnows were observed in many of the 
smaller streams and even in ditches and reaches which contain water for only 
part of the year. Only one or two bullheads were caught at most sites, 
particularly where pieces of larger timber, logs and branches, formed suitable 
refugia. 
The distribution of bullheads may not be constant across the Forest stream 
system. Records from recent invertebrate surveys by the author indicate that 
few specimens were caught in the streams of the western catchments, whereas 
bullheads were more or less ubiquitous in the other catchments. Earlier studies 
(Mann & Orr 1969) also found no bullheads in Dockens Water, one of the 
larger streams among the western catchments of the Forest. 
Neither salmon Salmo salar nor the three-spined stickleback Gasterosteus 
aculeatus were recorded in the electrofishing survey reported above, though 
specimens have been reported from Dockens Water (Mann & Orr 1969). Only 
one three-spined stickleback has so far been captured by the author during 
invertebrate surveys, and Mann & Orr (1969) recorded the species from 
Dockens Water at estimated densities of less than 0.1 per m2. 
Estimates for Dockens Water indicated densities of 0.75 fish per m2 for 
brown trout and 2.90 per m2 for minnows (Mann & Orr 1969). These were 
greater than densities recorded for a small chalk stream, viz. 0.16 to 0.21 fish 
per m2 for brown trout and 2.54 per m2 for minnows. Densities of sticklebacks 
and bullheads were, in contrast, greater in the chalk stream. 
The most important items in the diet of both trout and minnows in Dockens 
Water were the freshwater shrimp Gammarus pulex and larvae of chironomid 
midges (Mann & Orr 1969). Stoneflies (Plecoptera) were also prominent in the 
diet of trout, with most being eaten in the winter months. Both trout and 
minnows apparently exploited the same food resources, though minnows 
appeared to take less stoneflies and more chironomid midges than the trout. 
The "flashy" nature of stream-flows resulted in terrestrial invertebrates such as 
lumbricid worms and spring-tails (Collembola) being washed in and eaten by 
both trout and minnows. When compared with those of a chalk stream, brown 
trout in Dockens Water fed more on G. pulex, terrestrial organisms and 
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stoneflies, in the last instance because stoneflies did not occur in the chalk 
stream studied. In contrast, mayfly nymphs and molluscs were relatively more 
important in the diet of trout from the chalk stream. 
The growth of brown trout in Dockens Water was slower throughout life 
than in nearby chalk streams (Mann 1971) and by the end of their third year 
trout averaged about 20 cm in length, some 20% less than in the chalk streams. 
Growth continued throughout the year at all sites sampled, with maximum 
rates in May, June and July. Spawning occurred in November in Dockens 
Water, some two months earlier than in two Dorset chalk streams, although the 
1st of March was reckoned to be the "birth" date of alevins in both hardwater 
and softwater streams. 
Minnows studied by Mann (1971) spawned during April and May in both the 
hardwater and softwater streams. First-year growth was approximately the 
same for both types of stream, but in the second year minnows grew faster in 
the hardwater, spring-fed stream. The oldest fish were aged at just over 3 years. 
Stone loaches grew faster in the hardwater streams but, as with the minnows, 
the maximum age in both streams was just over 3 years. 
Rare and endangered species in New Forest streams 
Despite the fact that the New Forest includes several habitats now rare in 
Britain and to some extent in lowland Europe, very few species living in the 
streams are listed as endangered or vulnerable in the various Red Data Books 
(e.g. Perring & Farrell 1983; Shirt 1987; Wells et al. 1983) or other 
publications (Falk 1991; Maitland & Lyle 1991; Wallace 1991; Kirby 1993). 
Most of the rare or threatened Diptera, including those believed to be extinct or 
on the point of extinction from the Forest, such as Tipula seibekei and Tipula 
yerburyi, have larvae and pupae which live in damp moss, wet heath or on 
decaying wood rather than in the streams (Falk 1991). Of the insects listed as 
rare a damselfly, the southern coenagrion Coenagrion mercuriale, is perhaps 
the most notable and has been the subject of several studies which are referred 
to above (p. 26) and in the bibliography. One hemipteran, the lesser water 
measurer Hydrometra gracilenta, was recorded from Forest streams and pools 
before the 1950s but has not been recorded since the end of that decade (Kirby 
1993). Of the fish, the brook lamprey L. planeri has been afforded some 
protection under the Bern Convention (see Boon et al. 1992), but is not 
generally regarded as endangered in England. 
The aquatic species which do occur most prominently in the Red Data Books 
are mostly those from standing waters or temporary ponds in the Forest and 
include such rarities as the tadpole shrimp Triops cancriformis, the fairy 
shrimp Chirocephalus diaphanus, and the medicinal leech Hirudo medicinalis 
(Elliott & Tullett 1984; Wilkin 1987; Bratton 1991; Boon et al. 1992). 
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Comparison of invertebrates in New Forest streams with streams in other 
regions of Britain 
Because there is an extensive knowledge of these groups, the faunal lists of 
Ephemeroptera and Plecoptera occurring in New Forest streams are unlikely 
to be extended significantly and it is interesting to compare the numbers of 
species recorded from Forest streams with those from other surveys (Table 5). 
The scope and intensity of the surveys varies very much and no attempt has 
been made to quantify the comparisons or to compare the actual composition 
of species. Although such a comparison is not conclusive, the overall 
predeliction of mayflies and stoneflies for areas of high relief and stony 
streams is shown by the species-richness of streams in Scotland and around 
Cow Green Reservoir in the north Pennines, of which the latter ranks highest. 
The New Forest drainage system is in the middle range for species-richness of 
Plecoptera but matches the paucity of the Lincolnshire streams for species-
richness of Ephemeroptera (Langford & Bray 1969). This is probably a result 
of the low relief and relative chemical uniformity of the streams in both 
regions, although those in Lincolnshire are much more alkaline than those of 
the New Forest. Perhaps the most comparable species-richness is in the 
streams of the Ashdown Forest, also situated in southern England, though 
these streams are generally more acidic than the New Forest streams and fish 
are absent from some of them (Townsend et al. 1983). 
The Moors and Uddens River system (Wright et al. 1984), which lies about 
20 km to the west of the New Forest, is relatively very rich in species of both 
groups (Table 5), considering the small, single catchment area. The species-
richness here apparently reflects the high chemical and physical diversity 
within this particular river system. The species-richness of the Ephemeroptera 
in the Scottish streams studied by Morgan & Egglishaw (1965) is relatively 
low, despite the wide variety of geology, stream types, and the large 
geographical area covered by the survey. However, rather more species of 
Plecoptera were recorded here than in all other regions, except at Cow Green. 
From various studies it is clear that Ephemeroptera such as Ephemera 
danica, Ephemerella ignita and Habrophlebia fusca, and Plecoptera such as 
hoperla grammatica and Brachyptera risi, are tolerant of a wide range of 
natural water chemistry and are common to most of the regions listed in Table 
5. The most notable "lowland stream" absentee from the New Forest and the 
Ashdown Forest is the stonefly Taeniopteryx nebulosa, which is clearly 
intolerant of waters with low electrolytic conductivities and pH, though it is 
recorded from the general southern region, presumably from more calcareous 
streams outside the New Forest. More detailed comparisons will be made in 
future publications. 
Future management and research 
The regulation and administration of the New Forest rivers, at the time of 
writing, is shared by two regions of the National Rivers Authority, Southern 
and Wessex. Within the Crown Lands, the rivers are managed by Forest 
Enterprise (part of the Forestry Commission). The Commission is also 
regarded as a Land Drainage Authority and is responsible for the proper 
drainage of the Forest. The fact that many of the rivers fall within the New 
Forest SSSI ensures that any work on the channels requires consultation with 
English Nature, though English Nature does not have the power to veto or 
prosecute the Forestry Commission should consultation not take place. The 
inclusion of the Lymington River as a new SSSI will increase protection. 
Further protection would come from the proposal to declare the New Forest as 
a Special Area for Conservation (Sanderson 1995). 
Despite the extra protection to be afforded by the EC Habitats Directive and 
other legislation (e.g. Jones 1991) the streams of the New Forest, like the 
Forest itself, are likely to come under considerably increased pressure from 
recreational pursuits and peripheral population growth before the end of the 
20th century. A recent review noted that "The New Forest lies between two of 
the fastest growing conurbations in the country" (New Forest Review Group 
1988) and the use of the Forest by the larger peripheral populations, in addition 
to the tourist and weekend recreational influxes, has considerable management 
and conservation implications. 
In many places the margins of stream channels are already eroded badly by 
children wielding buckets and spades, and by walkers and grazing animals. In 
several areas there is no vegetation remaining at the edge of streams. At the 
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same time, the use of mountain bicycles is causing erosion within and 
alongside streams and there is evidence from tracks and direct observation that, 
in some areas, the stream channels are being used as "cycle-ways". 
Despite the increasing conservation activities associated with forestry 
(Forestry Commission 1970, 1988), the felling of trees, the need for drainage 
and the presence of conifer plantations can have short-term effects on water 
quality and on the flora and fauna. To date no specific research has been done 
on these activities within the New Forest. 
There are also a number of management and ecological problems related to 
the streams which require further study, and research is in hand on some of 
these. The most obvious, as has been noted, are the effects of timber dams and 
their removal on the macrophyte and invertebrate communities, together with 
their effects on the migrations and spawning of fish, particularly Salmonidae. 
In addition, the mobility of the substrata in New Forest streams must have 
marked effects on the resident invertebrates and spawning fish, and the extent 
of such effects and the consequences of any proposed or even past drainage 
operations require quantification. 
The view of groups representing grazing, forestry and angling interests is 
that debris dams should be removed for the most part to allow better drainage 
and access for migratory fish. The conflicting view from conservationists is 
that the dams and timber aggregations cause natural changes in stream 
processes and form very specialized natural habitats in forest streams (Gregory 
& Davis 1992; Gregory, Gurnell & Petts 1994) and, with a few exceptions, 
they should be left undisturbed. There are, however, no scientific data on the 
direct or indirect effects of timber debris or its management on the animal or 
plant communities in New Forest streams, and this requires urgent attention. 
As a baseline for much of the future studies, one of the first aims of the 
projects in progress on New Forest streams is to map the distribution and 
abundance of the stream macroflora and macrofauna, particularly in relation to 
land uses, using SPANS mapping techniques. Such detailed maps will be 
produced for all the major species and for the summarised chemical and 
biological data, providing a rapid assessment of the distribution of species as a 
background to further detailed ecological analysis. 
Very few of the proposals for the preservation and protection of the New 
Forest refer specifically to the streams until recently, though the importance of 
the drainage system is well recognised among conservation groups. The 
reasons for the lack of emphasis to date are not fully clear, but it may be that 
the streams have not been highly regarded as habitats worthy of preservation 
because of their acidity, apparently impoverished fauna, and the low value of 
their fisheries compared with those of the nearby chalk streams outside the 
Forest. Future published data from the studies now in progress will, it is hoped, 
help and encourage policies and strategies aimed at the specialised protection 
of the stream habitats within the New Forest. 
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